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ICCAS 2020 A New Approach to Intelligent As …
A New Approach to Intelligent Assistance: Cognitive
Shadow
Content
We introduce a prototype intelligent cognitive assistant that continuously learns the decision pat-
tern of the user online, instantly recognizes deviations from that pattern as potential errors and
then alerts the user accordingly. The decision model built by the cognitive assistant (henceforth,
referred to as the “Cognitive Shadow”) through its interaction with an expert can potentially out-
perform the human decision maker – as humans are vulnerable to fatigue and distraction and
may deviate from their expert decision pattern. Formally capturing expert mental models is well-
known to be a major challenge for the system engineering of decision support solutions since
decision makers are often not fully aware of – or cannot verbally express – the basis for their ex-
pert judgments. However, successful elicitation and formalization of expert mental models have
the potential to provide the underlying algorithms for designing cognitive assistants capable of
improving decision quality by recognizing errors in cases where the decision maker is diverging
from his usual judgment patterns. The “cognitive shadow” method proposed herein outlines such
a decision support capability based on a policy capturing procedure applicable to real-time (or
off-line) dynamic decision making. The system learns using a mix of statistical and supervised ma-
chine learning algorithms, autonomously performing model comparison and selection. The tool
actually shadows the decision maker by un-intrusively monitoring the situation and comparing
its own decisions to those of the human decision maker, and then provides advisory warnings in
case of a mismatch. The tool may also provide recommendations on demand (e.g., when the user is
overloaded or uncertain). The support methodology is designed to be minimally intrusive to avoid
an increase in cognitive load. Importantly, user trust is likely to be a key asset since the cognitive
shadow is derived from one’s own judgments. While policy capturing has been successfully ap-
plied for decades through post-hoc analysis, it has yet to be automated and applied in real-time for
error prevention in safety-critical tasks. There are human-machine interaction, cognitive human
factors and UX design challenges that arise with the use of such a cognitive shadowing method-
ology. Work is in progress to assess the impact on performance, workload, real-time interactivity
and trust in the decision support capability. One key issue pertains to whether the system’s real-
time advisory warnings should be accompanied by a concurrent indication of model reliability, or
if this complementary information should be presented offline in order to avoid any potential dis-
ruptive effects during time-pressured dynamic decision-making. One appealing prospect of this
work is the potential to leverage artificial intelligence to increase safety and human effectiveness
while keeping the human decision maker fully in charge and accountable. This approach also of-
fers a unique potential for training applications by helping novices using real-time feedback from
advisory models extracted from experts. The cognitive shadowing approach is deemed applica-
ble to a large variety of domains such as supervisory control, intelligence analysis and security
surveillance, and of particular relevance in high-reliability organizations with low tolerance for
error.
